Radioisotope generator systems have traditionally played a central role in nuclear medicine in providing radioisotopes for both research and clinical applications. A resurgence o f interest in generator development has been stimulated by advances in antibody technology, instrumentation development, and positron emission tomography (PET). Complementary advances in the development of new chelating agents and radiolabeling techniques for attachment o f radioisotopes to various tissue-specific agents have given further impetus to generator research. Widespread interest in the use of antibodies for the radioimmunodetection and therapy of cancer requires readily available sources of radioisotopes with the optimal properties. In this paper, the development o f several tungsten-188/rhenium-188 prototype generators which provide rhenium-188 for radioimmunotherapy (RAIT) is discussed. W e have recently demonstrated that carrier-free iridium-194 can be obtained from the activatedcarbon system from decay of reactor-produced osmium-194 for potential RAIT applications. Instrumentation advances such as the new generation o fhigh-count-rate ("fast") gamma camera systems for first-pass technology require the availability of generator-produced ultra short-lived radioisotopes for radionuclide angiography (RNA). The activated carbon generator is an efficient system to obtain ultra short-lived iridium-191m from osmium-191 for RNA. In addition, the growing number of PET centers has stimulated research in generators which provide positron-emitting radioisotopes. Copper-62, obtained from the zinc-62 generator, is currently used for PET evaluation of organ perfusion. The availability o f the parent radioisotopes, the fabrication and use o f these generators, and the practical factors for use of these systems in the radiopharmacy are discussed. 67 P. A. Schubiger and G. Westera (eds.), Progress in Radiopharmacy, 67-88.
Introduction
Our goal in this chapter is to review the current interest in radionuclide generators and briefly discuss examples of systems currently under development. Examples of several generator systems currently under investigation at ORNL are discussed. The list of radionuclide generator systems summarized in Tables 1-3 include key examples of generator systems for which there is widespread interest. Several of these have been shown to be useful for clinical nuclear medicine applications. A number of earlier reviews have been published on radionuclide generator systems for nuclear medicine (examples include: Brucer, 1965; Stang, 1969; IAEA Meeting, 1970; Finn et al., 1983; Knapp and Butler, 1984; Lambrecht, 1984; Lebowitz and Richards, 1984; Guillaume and Brihaye, 1986 and 1987; Yano, 1987; and Volkert et al., 1991) .
The use of short-lived radionuclides from generator systems (Table 1) for RNA stimulated widespread interest in the early 1980's (Proceedings of Single-Photon Ultrashort-Lived Radionuclides, 1985) . Several prototype generator systems were available which provided Au-195m and multi-center clinical trials were underway using Au-195m from the system developed by Byk-Mallinckrodt, Inc., which consisted of a silica gel adsorbent coated with zinc sulfide eluted with sodium thiosulfate solution (Panek et al., 1984) . Although the use of Au-195m has not been reported for sometime, clinical applications of the ultra short-lived iridium-191m (4.9 s) available from several osmium-191/iridium-191m (Os-191/Ir-191m) prototype systems have beenencouraging (Brihaye et al., 1986a and 1986b; Franken et al., 1989 and 1991; Packard et al., 1987; Hellman et al., 1989; Issachar et al., 1989) . Although the 9.31 min half-life of tantalum-178 does not fall within the 1 minute limit which we define for an "ultra short-lived" daughter radioisotope, w e include a description of the tungsten-178/tantalum-178 (W-178/Ta-178) generator system in this discussion, since several papers have recently appeared which describe both the development and use of this system to provide Ta-178 for RNA studies (Lacy, et al., 1988a and 1988b) . Tantalum-178 from the W-178/Ta-178 system continues to be used, since it is specifically mated to the multi-wire camera system (Lacy et al., 1988a; Lacy et al., 1990) . 
